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EXECUTIVE SUMMARY 

This performance monitoring program evaluates the progress of remedial actions in the 

Clark Fork River Operable Unit (CFROU) of the Milltown Reservoir/Clark Fork River 

Superfund sites toward meeting performance goals or identified refer ence values. 

Environmental media monitored in 2014 included surface water, instream sediment, 

geomorphology, vegetation, macroinvertebrates, periphyton, and fish. This report summarizes 

results of data collected for each of these environmental media and ev aluates progress toward 

attainment of performance goals or reference values as of 2014.  

Heavy metals originating from historic mining, milling and smelting processes associated 

with operations in Butte and Anaconda accumulated in the Clark Fork River stre ambanks and 

floodplain over a period of at least 100 years . The primary sources of contamination are tailings 

and contaminated sediments mixed with soils in the streambanks and floodplains, which erode 

during high streamflow events and enter the river and other surface waters . In addition to 

erosion, heavy metals are leached from the contaminated sediments and tailings directly into 

the groundwater and eventually to surface water . These contaminant transport pathways result 

in impacts to terrestrial and aqu atic life along the Clark Fork River as described in the Record 

of Decision (ROD) for the site .  

The Montana Department of Environmental Quality (MDEQ), as lead agency and in 

consultation with the U.S. Environmental Protection Agency (USEPA) and the Nation al Park 

Service, oversees, manages, coordinates, designs, and implements remedial actions for the Clark 

Fork River site . The MDEQ coordinates with the Natural Resource Damage Program (NRDP) of 

the Montana Department of Justice for implementation and integr ation of restoration 

components to supplement the remedial actions . The MDEQ coordinates with the National Park 

Service to implement remedial actions on the Grant -Kohrs Ranch .  

Data collected in 2014 represents the fifth year of monitoring in the CFROU . Remediation 

activities in the CFROU in 2014 included active tailings removals and floodplain reconstruction 

in Phases 5 and 6 and revegetation in Phase 1 of Reach A. Reach A of the CFROU, extending 

from the Warm Springs Creek and Silver Bow Creek confluence downstream to the Little 

Blackfoot River confluence, has the largest volume of streamside tailings in the CFROU .  

Monitoring under this program was first conducted by MDEQ and RESPEC personnel in the 

spring of 2010, prior to initiation of any remediation a ctions within the CFROU . Since 2010, 

some monitoring sites have been added to the monitoring program in Clark Fork River 

tributaries . In addition, this monitoring program has been coordinated with long -term 

monitoring by the U.S. Geological Survey (USGS) t o complement data collected by the USGS 

and minimize data duplication by each program . Monitoring methods and quality assurance 

protocols guiding collection and analysis of the data described in this report are summarized in 

the project sampling and analys is plan (SAP) and the project quality assurance project plan 

(QAPP).  

The CFROU monitoring network in 2014 included fourteen sites; six mainstem sites and 

eight tributary sites . Not all sites were sampled for each en vironmental medium  or for each 
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analyte o f each environmental medi um (e.g., some surface water sites were only sampled for 

mercury and methylmercury rather than the full suite of analytes) . Monitoring site locations 

were generally the same in 2014 as in 2013, although sites changed between 2012 a nd 2013 to 

provide a more detailed spatial representation of the Clark Fork River mainstem in the 

upstream most portion of the CFROU where active remediation is occurring . The sample site on 

the Little Blackfoot River, a tributary to the Clark Fork River m ainstem, was relocated during 

the second quarter of 2014 to minimize hazards from local traffic. This sample site will be 

permanently relocated. For surface water and instream sediment, the monitoring program 

primarily monitored concentrations of metal con taminants of concern (i.e., arsenic, cadmium, 

copper, lead, and zinc) . However, for surface water, additional data was collected including 

nutrient and common ion concentrations, and other field parameters (e.g., acidity) . Surface 

water samples were collec ted during each calendar quarter with two additional samples 

collected during the spring snowmelt runoff period . Sediment samples were collected during the 

first and third quarters . Macroinvertebrate and periphyton samples were collected during the 

summer (third quarter) . Fisheries data, collected by Montana Fish Wildlife and Parks, included 

trout population abundance at long -term reference sites and in situ  mortality of confined fish at 

selected sites.  

Streamflows throughout the upper Clark Fork River wat ershed were at or slightly above the 

long-term median for the period -of-record at nearly all sites during monitoring periods during 

2014. Higher streamflows presumably contributed to slightly higher surface water contaminant 

of concern (COC) concentrations  in 2014 compared to 2013.  

Exceedances of performance goals were rare for all COCs in surface water except arsenic and 

copper. Of 30 samples collected in the mainstem Clark Fork River in 2014 (from five sites 

during six sample periods) , no samples (0%) had zinc concentrations exceeding the performance 

goal, one sample (3%) had cadmium concentrations exceeding the performance goal, and four 

(13%) had lead concentrations exceeding the performance goal. However, arsenic commonly 

exceeded performance goals, particularly in Reach A. Of 24 samples collected in the Clark Fork 

River in Reach A (four sites during six sample periods), 96% exceeded the dissolved arsenic and 

46% exceeded the total recoverable arsenic performance goals. Silver Bow Cree k and the Mill -

Will ow Creek appear  to be sources of arsenic to the Clark Fork River as 94% (17 of 18)  of the 

samples from those sites exceeded the dissolved arsenic and 78% (14 of 18) exceeded the total 

recoverable performance goals in those sites. Total recoverable copper concentration exceeded 

the state of Montana chronic aquatic life standard (chronic ALS)  in the mainstem Clark Fork 

River sites in 95% of the samples collected in the first and second quarters , but only at Deer 

Lodge in the third and fourth quarters. These r esults support the conclusion that copper 

contamination in the upper Clark Fork River is strongly related to streamflow and contaminant 

loading occurs primarily in Reach A.  

The highest instream sediment COC concentrations in the mainstem of the Clark Fork  River 

were typically observed in the uppermost sample sites in Reach A and the lowest concentrations 

were typically observed at the  downstream -most site at Turah in 201 4. Concentrations of 

arsenic, copper, and zinc exceeded the òprobable effect concentrationó (PEC; the higher of the 

two reference values  for the CFROU ) at all of the Clark Fork River mainstem monitoring 
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stations during both sample periods in 2014. Among all sites in the CFROU, arsenic most 

commonly exceeded the PEC (88%) followed b y copper (83%), lead (79%), zinc (75%), and 

cadmium (50%).  

Geomorphology data was collected during the third quarter of 2014 in Phase 1 of Reach A in 

the CFROU. All monitoring metrics for channel dimension (i.e., c ross-sectional area, bankfull 

width , mean bankfull depth, and w idth  to depth ratio ), pool density, and residual pool depth 

were with in the specified target ranges. The secondary channel stability performance target 

was also met because the secondary channel did not carry more than 10% of the stre amflow of 

the main channel when streamflows reached the design bankfull level. Performance targets that 

were not met i ncluded floodplain connectivity  and floodplain stability . Failure to meet the 

performance targets for channel connectivity and floodplain stability was the result of an over -

connected river channel and floodplain, which results in increased avulsion risk, rather than the 

disconnected pre-project channel and floodplain . Performance targets for channel slope, 

sinuosity, bank erosion rate, and channel migration rate were not scheduled for monitoring in 

Year 1 (2014) but will be evaluated in Year 5 (2018).  

Vegetation monitoring data was collected during the third quarter of 2014 in Phase 1 of 

Reach A in the CFROU. The only vegetation monitoring m etric applicable to Year 1 monitoring 

was for overall floodplain plant survival which was 87.7%, exceeding the performance target for 

Year 1 (80%). However, survival was 17.2% lower in in the floodplain riparian shrub cover type 

(primarily consisting of sw ales) compared to the other floodplain cover types and survival of 

planted birch trees ( Betula occidentalis ) was particularly low. Low survival in swales may have 

been caused by the relatively deep swale excavation in combination with prolonged flood 

inund ation which resulted in drowning. Other monitoring metrics with Year 1 performance 

targets (floodplain total native cover and noxious weed cover) will be monitored in 2015. Some 

floodplain plant survival monitoring plots will be monitored for plant surviva l in 2015 in 

planting units that had not yet been planted at the time of monitoring in 2014.    

Overall biotic integrity of the macroinvertebrate community was either ònoneó or òslightó at 

all Clark Fork River tributary and mainstem sites; overall biointeg rity scores throughout the 

CFROU ranged from 84.1 to 90.9. For metals sensitivity, index classifications in the mainstem 

were ònoneó at all sites except at Gemback Road which was òslightó; metals sensitivity scores in 

the mainstem ranged from 75.0 to 87.5.  Metals sensitivity index classifications in the tributary 

sites was òmoderateó at Racetrack Creek and Warm Springs Creek, òslightó in Silver Bow Creek 

and the Little Blackfoot River, and ònoneó in Mill-Willow Creek and Lost Creek; metals 

sensitivity score s in the tributaries ranged from 56.9 to 88.9. Nutrient sensitivity index 

classifications were ònoneó at all CFROU sites, with scores ranging from 81.9 to 100.0.  

Periphyton monitoring results revealed that many of the non -diatom algae observed in the 

CFROU were tolerant to elevated nutrients, acidity, metals, or combinations of those conditions. 

However, d iatom algae dominated the periphyton assemblage at all CFROU sites monitored in 

2014 and periphyton samples were scored according to several bioassessmen t indices. 

Impairment from sediment was more likely than not (i.e., Ó51%) in three tributary sites (Mill-

Willow Creek, 93%; the Mill -Willow Bypass, 77%; and Silver Bow Creek, 81%) and four 

mainstem sites (near Galen, 88%; at Galen Road, 57%; at Gemback Roa d, 79%; and at Deer 
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Lodge, 93%). Impairment from metals was more likely than not (i.e., Ó51%) in one tributary site 

(Silver Bow Creek, 74%) and four mainstem sites (near Galen, 74%; at Galen Road, 88%; at 

Gemback Road, 76%; and at Turah, 94%).  

Based on fish population monitoring in the Clark Fork River, brown trout continue to 

dominate the trout species assemblage in the upper Clark Fork River . This is  presumably due, 

at least in part, to their relatively high tolerance to metals compared to other salmonids . Brown 

trout populations appear to be moderately increasing since 2011 at monitoring sites in the mid - 

and upper -reaches of the Clark Fork River. Trout abundance in the Bearmouth reach remained 

low in 2014 , as in prior years , relative to other reaches of the upper Clark Fork River. It is 

possible that above average discharge in 2011 increased the quality and quantity of brown trout 

spawning and rearing habitat in the upper Clark Fork River and tributaries , resulting in the 

modest increase in trout abundanc e in 2014. 

Results of survival monitoring of caged juvenile brown trout indicated that, as in previous 

survival studies in the upper Clark Fork River, mortality rates varied among sites and among 

months. Most of the mortality in 2014 in the caged fish occu rred in April, July, and August. 

This bimodal pattern was consistent with results from caged fish studies in 2012 and 2013. 

Mortality tended to be highest during spring runoff and on the descending limb of the 

hydrograph as water temperatures increased. Br own trout confined in the cages accumulated 

both copper and zinc in their tissues at  both mainstem Clark Fork River and tributary sites. 

Tissue burdens of fish immediately after release from the hatchery were low compared to fish 

sampled from cages in the CFROU. Fish from cages in the mainstem had significantly higher 

metals burdens compared to fish from tributaries, but the difference was less pronounced for 

zinc.  
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1.0 INTRODUCTION 

The Record of Decision (ROD) for the Clark Fork River Operable Unit (CFROU) identified a 

120-mile section of the Clark Fork River as a distinct Superfund operable unit [USEPA, 2004] . 

The CFROU extends from the Silver Bow Creek and Warm Spring s Creek confluence to the 

former Milltown Reservoir site at the Clark Fork River and Blackfoot River confluence [ Figure 

1-1]. Historic mining, milling,  and smelting activities in Butte and Anaconda resulted in heavy 

metal (cadmium, copper, lead, and zinc) and arsenic contamination in the floodplain soils and 

stream banks of the CFROU [Bartkowiak et al., 2011] . Sources of metal contaminants of concern 

(COCs) in the CFROU are tailings mixed with soil within the historic 100 -year floodplain 

(primary source), contaminated surface water and shallow groundwater, contaminated instream 

sediments, and contaminants in irrigation ditches adjacent to the CFROU [USEPA,  2004]. In 

2008, a consent decree was negotiated between the state of Montana, the U.S. Government, and 

the Atlantic Richfield Company for cleanup of the CFROU [Montana v. AR, 2008; U.S.A. v. AR, 

2008]. The consent decree established that the state of Mont ana, through the Montana 

Department of Environmental Quality (MDEQ), would serve as lead agency to develop and 

implement the remedial design, remedial action, and operation and maintenance of the remedy 

for the CFROU [Montana v. AR, 2008; U.S.A. v. AR, 200 8]. 

Remediation in the CFROU began in 2011 with the removal of approximately 10,000 cubic 

yards of contaminated soils in the òTrestle Areaó in the town of Deer Lodge, Montana 

[Bartkowiak et al., 2012] . Remediation activities were conducted in Phase 1 of Re ach A [Figure 

1-2] throughout 2013 and the cleanup was mostly completed by the end of the year [Bartkowiak 

et al., 2013] . Approximately 330,000 cubic yards of contaminated materials were removed from 

the flood plain and streambanks of Phase 1 (1.6 river miles) and approximately 189,000 cubic 

yards of clean soil and vegetative material were used to reconstruct and reveg etate the 

floodplain and stream banks [Bartkowiak et al., 2013] . In 2014, remediation began in P hases 5 

and 6 of Reach A [Figure 1-2]. According to the remedial design for Phases 5 and 6 (4.5 river 

miles), 533,000 cubic yards of contaminated material will be rem oved, 244,00 cubic yards of 

clean fill material will be imported for reconstruction, and remediation will last until fall of 

2015 [Bartkowiak et al., 2014] . In 2014, preliminary design plans were also underway for 

remediation of Phases 2, 7, 15, and 16 [MD EQ, 2014a]. 

Specific r emediation standards were establish end in  the CFROU ROD for surface water, 

groundwater, and vegetation but not for other environmental media [USEPA , 2004]. In lieu of 

specific standards, reference values have been adopted by MDEQ for instream sediment, 

geomorphology, periphyton, macroinvertebrates , and fish . The MDEQ has established this 

monitoring program to assess the effectiveness of contaminant removal from remediation on 

attainment of remediation  standards or reference values. Dat a is collected to describe abiotic 

(surface water, instream sediment, river geomorphology) and biotic (terrestrial  vegetation, 

periphyton, aquatic macroinvertebrate, and fish) conditions in the CFROU to evaluate if 

remediation  standards or reference values are met and evaluate if conditions are improving 

over time . Data collected in 2014 represents the fifth year of data collected for this monitoring 

program , which began in 2010 .  
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Figure 1-1. Remedial reache s of the Clark Fork River Operable Unit [ Source : USEPA, 

2004].   
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Figure 1-2. Remedial phases of Reach A in the Clark Fork River Operable Unit 

[Source : Bartkowiak et al., 2011].   
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2.0 SURFACE WATER 

2.1 INTRODUCTION 

Performance goal s were establish end in  the CFROU ROD for surface water [USEPA , 2004]. 

The goal for surface water quality is for concentrations of all metal contaminants of concern 

(COCs) to be below the concentrations  identified in the CFROU ROD [Table 2-1]. The remedy 

for the Clark Fork River is expected to achieve th ese goals through the removal of contaminated 

floodplain soils (i.e., òslickensó), in situ (i.e., on site) treatment of floodplain soils with relatively 

low COC concentrations, and streambank stabilization . Additional removals of contaminated 

floodplain materials, proposed as part of remediation, may reduce arsenic concentrations as 

well . When the remediation activities are completed, surface water quality in the Clark Fork 

River is expected to  fully support the growth and propagation of coldwater fishes (e.g., 

salmonids) and associated aquatic life . Surface waters will be monitored at specific locations 

along the Clark Fork River . Performance goals must be met at each location in order for the 

remedial actions to be considered successful .  

This report evaluates progress toward attainment of surface water performance goals as 

defined in the CFROU ROD [ Table 2-1]. Water chemistry data were  collected in 2014 to 

evaluate COC concentrations in order to make direct comparisons to relevant performance 

standards . In addition to COC concentrations, data are collected to describe other water quality 

characteristics which influence the toxicity of metal contaminants or otherwise influence the 

ecology of the Clark Fork River . Other water quality characteristics described include total 

suspended sediments , common ion, and nutrient concentrations and other physical properties of 

water (e.g., acidity).  
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Table 2-1. Remediation performance goal s for surface water in the Clark Fork River 

Operable Unit [USEPA , 2004] . 

Contaminant of 

Concern  

Performance Standard  

Aquatic Life Standard 1 Human Health or 

Drinking Water 

Standard (µg/L)  Chronic  (µg/L)  Acute (µg/L)  

Arsenic  150 340 10/182 

Cadmium  0.25 2 5 

Copper3 9 13 1,300 

Lead 3.2 81 15 

Zinc 119 119 2,000 

2.2 METHODS 

The purpose of the surface water monitoring program is to collect data describing the 

temporal and spatial variation of metal and nutrient concentrations, and other physical 

properties of surface water in the CFROU. These data provide a long -term record of  

environmental conditions in the CFROU. As of 2014, five  years of CFROU surface water data 

(2010-2014) have been collected under this monitoring program . This long -term record provides 

a dataset to evaluate the effect of remediation on environmental condit ions in the CFROU over 

time . Changes to the surface water monitoring program have occurred over time and a record of 

these changes is provided in the  project sampling and analysis plan (SAP)  [Naughton et al., 

2014].  

 

2.2.1 Monitoring Locations 

Surface water was  monitored at 14 CFROU sites in 2014 [ Figure 2-1]. The monitoring 

network included six sites in the Clark Fork River mainstem and eight sites in tributary 

streams [ Table 2-2]. The monitoring site locations in 2014 were the same as the monitoring site 

locations in 2013 . However, monitoring sites changed between 2012 and 2013 to pr ovide a more 

detailed spatial representation of the Clark Fork River mainstem in Reach A  [Figure 2-1]. 

Additionally, some sites were removed from the monitoring netwo rk to avoid duplication of 

water quality sampling efforts by the U .S. Geological Survey (USGS) .  

                                                   
1 The aquatic life standards for cadmium, copper, lead, and zinc vary in relation to water hardness. The values 

displayed in this table correspond to a water hardness of 100 mg/L.  

2 The performance standard includes both the federal maximum contaminant level (MCL; 10 ȋg/L; dissolved 

concentration) and the state of Montana st andard (18 ȋg/L; total recoverable concentration). 

3 Based on the federal ambient water quality criteria (USEPA 1986; dissolved concentration).  
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2.2.1.1 Clark Fork River Mainstem 

Each of the mainstem sample site locations were selected for a specific monitoring objective . 

The four mainstem Clark Fork River moni toring sites in Reach A (CFR -03A, CFR-07D, CFR-

11F, CFR-27H) were included to provide a detailed spatial representation of conditions in Reach 

A [Figure 2-1]. The Reach C site (CFR -116A) represents conditions in Reach C at the 

downstream end of the Clark Fork River in the CFROU [Figure 2-1]. Currently, no remedial 

actions are planned for Reach C . One mainstem site is located downstream from the Flint Creek 

tributary (CFR -84F) [Figure 2-1]. Site CFR -84F is intended to assess the influence of  Flint 

Creek inflows, which typically has elevated mercury concentrations [Langer et al. , 2012; 

Ingman et al., 2014]  on water quality in the mainstem.  

2.2.1.2 Tributaries 

Tributary site locations were selected to assess the significance of COC or nutrient loading 

from sources outside the CFROU . Each tributary has one sample site located near the tributary 

confluence with the Clark Fork River, with the exception of Mill -Willow Creek, which has two 

sites [Figure 2-1].  

2.2.1.2.1 Mill-Willow Creek 

Mill -Willow Creek is a tributary to Silver Bow Creek and flows into Silver Bow Creek 

immediately downstream  from the Warm Springs Pond outfall [Figure 2-1]. The Warm Springs 

Pond system captures the Silver Bow Creek streamflow and routes the water through a lime 

treatment facility and a series of tailings ponds designed to precipitate heavy met als [see: 

www.cfrtac.org ]. Historically, Mill and Willow Creeks conflucenced with Silver Bow Creek 

upstream from the Warm  Springs Ponds. However, because contaminant levels in Mill and 

Willow Creeks were low relative to Silver Bow Creek, streamflows from Mill and Willow Creek 

were routed around the Warm Springs Pond system through a designed channel commonly 

referred to as t he òMill-Willow Bypassó. The Mill-Willow Bypass was remediated between 1990 

and 1995 to remove tailings and contaminated soils along the stream channel and floodplain 

and to reduce toxic discharges to Silver Bow Creek and the upper Clark F ork River [see: 

www.cfrtac.org ].  

Two sample sites are located in Mill -Willow Creek: MCWC -MWB and MWB -SBC [Figure 

2-1]. MCWC -MWB is located at the upstream end of the Mill -Willow Bypass to demonstrate 

background water quality conditions in Mill -Willow Creek. MWB -SBC is located near the Silver 

Bow Creek confluence. Increases in contaminant concentrations between MCWC -MWB and 

MWB -SBC suggest that contaminant loading is occurring in the Mill -Willow Bypass reach of 

Mill -Willow Creek.  

2.2.1.2.2 Warm Springs Creek 

The Clark Fork River mainstem begins at the confluence of  Silver Bow Creek and Warm 

Springs Creek [Figure 2-1]. Warm Springs Creek is a major tributary to the Clark Fork River in 

Reach A. Warm Springs Creek typically has re latively low nutrient concentrations and 

file://///rsimmofile01/MMORespecData/Projects/1%20CFROU/Reports/Annual/2014/Complete%20Report/www.cfrtac.org
file://///rsimmofile01/MMORespecData/Projects/1%20CFROU/Reports/Annual/2014/Complete%20Report/www.cfrtac.org
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relatively cool streamflows. Water chemistry in Warm Springs Creek is monitored at site WSC -

SBC [Figure 2-1]. 

2.2.1.2.3 Silver Bow Creek 

The Silver Bow Creek sample site (SS -25), located immediately upstream from the Silver 

Bow Creek and Warm Springs Creek confluence, monitors water chemistry in Silver Bow Creek 

immediately downstream from the Warm Springs Ponds discharge and the Mill -Wil low Bypass 

confluence [Figure 2-1]. 

2.2.1.2.4 Lost Creek and Racetrack Creek 

Lost Creek and Racetrack Creek originate in the Flint Creek Range on the west side of the 

Deer Lodge valley [Figure 2-1]. Major portions of both watersheds are used for cattle grazing 

and agriculture and streamflows are heavily diverted for irrigation. Surface water monitoring in 

Lost Creek and Racetrack Creek was discontinued in 2013 because these tributaries had 

relatively low COC concentrations [Ingman et al., 2013]. Water chemistry in Lost Creek is 

monitored by the USGS [Dodge et al., 2014]. Instream sediments and  biological monitoring were 

conducted at these sites in 2014. Monitoring in Lost Creek occurs at LC -7.5 and in Racetrack 

Creek at RTC -1.5 [Figure 2-1]. 

2.2.1.2.5 Little Blackfoot River 

The Little Blackfoot River is a major tributary to the Clark Fork River. The Little Blackfoot 

River and Clark Fork River confluence is located at the boundary between  CFROU Reach A and 

Reach B [Figure 2-1]. Water quality and quantity in the Little Blackfoot River may be 

influenced by a variety of land uses including agriculture an d irrigation in lower portions of the 

watershed and abandoned mining in headwater portions of the watershed [Montana Engineerõs 

Office, 1959; Lyden, 1987 ; Ingman, 200 2; MDEQ  and USEPA , 2011; 2014c].  

Water chemistry, instream sediment and aquatic biota in the Little Blackfoot River are 

monitored in the Little Blackfoot River. For the first three sample periods of 2014, water quality 

in the Little Blackfoot River was monitored at site LBR -CFR [Figure 2-1]. However, the site was 

moved upstream approximately four miles for the last three sample periods of 2014 to minimize 

safety hazards from road traffic during high streamflow periods when sampling from the road 

bridge at L BR-CFR is necessary [Table 2-2].  

2.2.1.2.6 Flint Creek 

Flint Creek enters the Clark Fork River near the boundary between Reach B and Reach C 

[Figure 2-1]. Flint Creek is a major source of mercury to the Clark Fork River [Langer et al., 

2012; Ingman et al., 2014]. Site FC -CFR monitors water chemistry in Flint Creek [Figure 2-1]. 
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Figure 2-1. Surface w ater sampling l ocations in the Clark Fork River Operable Unit, 

2014.  
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Table 2-2. Surface water sampling locations in the Clark Fork River Operable Unit, 

2014. Streamflows were measured at all sites which did not a have co -located USGS 

streamflow gauge.  

Site ID  Site Location  

Co-located 

USGS 

Streamflow 

Gauge  

Location (GPS 

coordinates, NAD 83)  

Latitude  Longitude  

Mainstem Sites  

CFR-03A Clark Fork River near Galen  12323800 46.20877 -112.76740 

CFR-07D Clark Fork River at Galen Road  none 46.23725 -112.75302 

CFR-11F Clark Fork River at Gem back Road none 46.26520 -112.74430  

CFR-27H Clark Fork River at Deer Lodge  12324200 46.39796 -112.74283 

CFR-84F Clark Fork River near Drummond  12331800 46.71204 -113.33137 

CFR-116A Clark Fork River at Turah  12334550 46.82646 -113.81424 

Tributary Sites  

SS-25 Silver Bow Creek at Warms Springs  12323750 46.18123 -112.77917 

MCWC -MWB  Mill -Willow Creek at Frontage Road  none 46.12649 -112.79876 

MWB -SBC Mill -Willow Bypass near mouth  none 46.17839 -112.78270 

WSC-SBC Warms Springs Creek near mouth  12323770 46.18041 -112.78592 

LC-7.54 Lost Creek near mouth  12323850 46.21862 -112.77384 

RTC-1.55 Racetrack Creek near mouth  none 46.28395 -112.74921 

LBR -CFR6 Little Blackfoot River near Garrison  12324590 46.51964 -112.79312 

FC-CFR Flint Creek near mouth  12331500 46.62891 -113.15151 

2.2.2 Monitoring Schedule 

At least one monitoring event occurred during each calendar quarter of 2014 . Each quarterly 

monitoring event occurred near the end of each quarter . The first monitoring event (Q1) 

occurred in the late winter , prior to spring runoff , from March 18 -19. Three monitoring events 

were conducted in the second quarter ( Q2) to capture the rising (Q2 -Rising), peak (Q2 -Peak), 

and falling (Q2 -Falling) portions of the spring runoff hydrograph . The Q2 monitoring events 

were conducted on May 13 -14 (Q2-Rising), June 10 -11 (Q2-Peak), and June 24 -25 (Q2-Falling) . 

                                                   
4 In 2013, LC -7 (GPS Location: 46.22665, -112.76017) was replaced LC-7.5. Site  LC-7 was replaced because it  

appeared to be located within the Clark Fork River floodplain.  

5 In 2013, RTC -1 (GPS Location: 46.28406, -112.74484) was replaced by RTC -1.5. Site  RTC-1 was replaced 

because IT  appeared to be located within the Clark Fork River floodplain.  

6 Site LBR -CFR was replaced by site LBR -CFR-02 (GPS Location:  46.53710, -112.72443) on June 24, 2014.  
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The late summer (Q3) monitoring event w as scheduled during l ow streamflow conditions on 

September 16-17. The late fall (Q4) monitoring event occurred on December 1-2.  

2.2.3 Monitoring Parameters 

Surface water samples w ere analyzed for the parameters and analytes listed in  Table 2-3. 

Parameters and analytes were the same at all sites with the exception of FC -CFR and CFR -83F. 

At site FC -CFR, mercury and methylmercury concentrations w ere analyzed in addition to all 

other analytes . At site CFR -84F, a surface water sample w as collected but only analyzed for 

mercury and methylmercury concentrations .  

Eight  of the 14 monitoring stations in the  MDEQ Clark Fork River monitoring network were 

co-located with  active USGS streamflow gauging stations [Table 2-2]. USGS streamflow records 

were accessed and included in this report . Streamflows at monitoring stations without co -

located USGS gauges were measured manually .  

Table 2-3. Sampling parameters and analytes for surface water monitoring of the 

Clar k Fork River Opera ble Unit, 2014 . 

Parameter  Analytes  

Metal concentrations (total 

recoverable and dissolved) 7 

Arsenic, cadmium, copper, lead, zinc, mercury, 

methylmercury  

Nutrient concentrations  
Nitrogen (total nitrogen, nitrate plus nitrite, ammonia), 

phosphorus (total) , and carbon (dissolved organic ; DOC) 

Common ion concentrations (total)  Sulfate, alkalinity, bicarbonate  

Field parameters  

Total suspended sediment  (TSS) concentration, hardness, 

water temperature, pH, specific conductivity, dissolved 

oxygen (DO) concentrations, turbidity  

2.2.4 Sample Collection and Analysis 

Sample collection, analysis, and quality assurance procedures were described in the quality 

assurance project plan [DeArment et al.,  2013]. Methods generally followed standard operating 

procedures (SOPs) developed for the Clark Fork River [AR, 1992]. Field  sampling procedures 

were in accordance with MDEQ [2012a] and followed òclean hands/dirty handsó procedures to 

minimize sample contamination as described in USGS [2006]8. Composited surface water 

samples were collected using width -depth integration accordi ng to methods described in USGS 

[2006]. When streamflows were high and samples could not be collected by wading, samples 

were collected with the aid of a crane mounted D -95 sampler operated from road bridges . Field 

parameters (water temperature, pH, dissol ved oxygen concentration, and conductivity) were 

                                                   
7 At CFR -84F, no nutrient or metal concentrations were be measured except mercury and methylmercury. At 

FC-CFR, mercury and methylmercury were measured in addition to a ll other analytes.  

8 We deviated from the USGS [2006] protocols to minimize sample contamination (Section 4.0.2) in two regards. 

First, we did not collect samples sequentially in the order of least to greatest potential for contamination. 

Second, samples were processed outside the sampling vehicles, rather than within an enclosed space.  
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measured during each monitoring event with a field multimeter (YSI Professional Plus) . 

Turbidity was measured with a field turbidity meter (Hach Model 2100P Portable 

Turbidimeter) . Streamflows were measured using a portable electromagnetic streamflow meter 

(Marsh -McBirney Flo -Mate 2000) . Calibration methods for field m eters, data recording and 

handling methods, and quality assurance and quality control procedures are described in the 

quality assurance project  plan [DeArment et al., 2013] . Samples were analyzed by Energy 

Laboratories (Helena, Montana) . Requested laboratory analysis procedures for each analyte are 

presented in  Table 2-4. 

Table 2-4. Analytes and methods for surface water samples in the Clark Fork River 

Operable Unit, 201 4. All samples were analyzed by Energy Laboratories in Helena, 

Montana.  

Parameter  Category  Meth od  

Arsenic (dissolved and total recoverable)  

Contaminants of Concern  

E200.8 

Cadmium (dissolved and total recoverable)  E200.8 

Copper (dissolved and total recoverable)  E200.8 

Lead (dissolved and total recoverable)  E200.8 

Mercury (dissolved and total recoverable) E245.1 

Methylmercury  E1630 

Zinc (dissolved and total recoverable)  E200.8 

Calcium  

Common ions and 

suspended sediment  

E200.7 

Magnesium  E200.7 

Sulfate  E300.0 

Total Alkalinity, as CaCO 3 A2320 B 

Bicarbonate Alkalinity, as HCO 3 A2320 B 

Hardness, as CaCO 3 A2340 B 

Total Suspended Sediment  A2540 D 

Carbon (dissolved organic)  

Nutrients  

A53310 C 

Nitrogen, Ammonia  E350.1 

Nitrogen, Nitrate plus Nitrite  E353.2 

Nitrogen, Total  A4500 N -C 

Phosphorus, Total  E365.1 

2.2.5 Data Analysis 

Data analysis included description of spatial trends and temporal (quarterly and annual) 

trends in analyte (metals and nutrients) concentrations and physical properties . Attainment of 

performance goals was assessed by comparing analyte concentrations at sp ecific sites to 

remedial performance goals . Assessment of nutrient monitoring results also included 

comparisons of total nitrogen and total phosphorus concentrations to numeric water quality 

standards for the Clark Fork River (ARM 17.30.631).  
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Evaluation of  some performance goals from data collected in this report requires an 

assumption that the measured analyte concentrations are consistent over time . For example, 

the chronic aquatic life standard (ALS) is typically based on 96 -hour mean concentrations 

[MDE Q, 2012b]. Similarly, the acute ALS are typically based on a 1 -hour mean concentration 

[MDEQ , 2012b]. However, in this monitoring program analyte concentrations are measured at a 

specific point in time and mean concentrations over time are not available . Therefore, all 

assessments of ALS exceedances assume that the measured concentration was represen tative of 

the required mean concentration .  

Compliance ratios were computed by dividing each total recoverable arsenic concentration 

during the MDEQ monitoring period in the CFROU 2010 -2014 by the respective performance 

goal or applicable water quality standard . Compliance ratio results are presented as line graphs 

on a semi-logarithmic scale ranging from 0.01 to 100, with a value of 1.0 corresponding to 100% 

of the performance goal or water quality standard . Values exceeding 1.0 represent exceedances 

of the performance goal or water quality standard .  

2.2.6 Data Validation 

Data quality objectives (DQOs) were established in the CFROU monitoring project quality 

assurance project plan ( QAPP) for data òrepresentativenessó, òcomparabilityó, òcompletenessó, 

òsensitivityó, òprecisionó, òbiasó, and òaccuracyó [DeArment et al., 2013]. Methods for field and 

laboratory quality assurance and quality control (QA/QC) procedures are also described in detail 

in the project QAPP . A completed QA/QC checklist, summary tables of field duplicate and field 

blank results, and assessments of data quality objectives are included in Appendix A.   

2.3 RESULTS 

2.3.1 Streamflows 

Streamflows in the upper Clark Fork River watershed were normal or above normal at all 

sites during almost all monitoring periods in 2014. Streamflows during the Q1 monitoring event 

were near normal for those dates based on long -term USGS streamflow gauging  station records. 

Streamflows had recently receded following elevated streamflows during the first week of 

March in association with an abrupt melt of low elevation heavy snowpack. The three Q2 

monitoring events were intended to target the rising limb of t he spring runoff hydrograph, near 

peak streamflow, and the falling limb of the runoff hydrograph. The three sampling events were 

performed on May 13 -14, June 10-11, and June 24 -25, 2014. Streamflows during the Q2 

monitoring events varied from slightly abov e normal to near normal for those dates.  The 

intended peak flow event on June 10 -11 missed the spring runoff maximum stream flow by 

approximately two weeks (May 28). Streamflows during the Q3 monitoring event were above 

normal for mid -September, while s trea mflows during the Q4 monitoring event were normal or 

slightly above normal .  

Streamflows at the CFROU monitoring stations during the 201 4 calendar year are depicted 

in hydrographs for USGS gauging stations Silver Bow Creek at Warm Springs (USGS 
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12323750) [Figure 2-2], Clark Fork River near Galen (USGS 12323800)  [Figure 2-3], at Deer 

Lodge (USGS 12324200) [Figure 2-4], near Drummond (USGS 12331800)  [Figure 2-5], and at 

the Turah Bridge (USGS 12334550)  [Figure 2-6]. 

 

Figure 2-2. Hydrograph for Silver Bow Creek at Warm S prings, 2014.  

 

Figure 2-3. Hydrograph for Clark Fork River near Galen, 2014.  
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Figure 2-4. Hydrograph for Clark Fork River at Deer Lodge, 2014 . 

 

 

Figure 2-5. Hydrograph  for Clark Fork River near Drummond, 2014 . 
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Figure 2-6. Hydrograph  for Clark Fork River at Turah Bridge, 2014 . 

2.3.2 Field Parameter 

2.3.2.1 Water Temperature 

Water temperatures at CFROU sites in 2014 indicated modest seasonal and spatial variation 

that was generally within the preferred range of cold water organisms such as trout [ Figure 2-7; 

Figure 2-8]. Maximum water temperatures at most of the CFROU monitoring stations during 

the six monitoring events in 2014 were observed during the  Q2-Falling monitoring event, when 

temperatures at some sites slightly exceeded the 12 ð14 C optimal temperature range for trout. 

The exceptions were the Clark Fork  River  at Deer Lodge and the Little Blackfoot River near 

mouth, which had the highest water t emperature during the Q2 -Peak monitoring event. The 

maximum water temperature (16.9 C) was measured at the Clark Fork River at Deer Lodge 

site. The lowest water temperatures were measured during Q4 and ranged from 0 -2.1 C.  

There was no clear spatial trend  in water temperature at the mainstem Clark Fork River 

sites in 2014. Water temperature differences between sites during any single monitoring event 

were generally small and were somewhat affected by the time of day monitoring was conducted 

at any given st ation. Water temperatures at CFROU mainstem monitoring stations during 2014 

monitoring events were generally within the range of temperatures recorded during the 2010 -

2013 monitoring years. The tributary monitoring site on Warm Springs Creek near its mouth  

showed the lowest and least variable water temperatures of all sites during the six 2014 

monitoring events.  
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Figure 2-7. Surface water temperatures at mainstem sampling sites in the Clark Fork 

River Operable Unit, 201 4. 

 

 

Figure 2-8. Surface water temperatures at tributary  sampling sites in the Clark Fork 

River Operable Unit, 201 4. 
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2.3.2.2 Acidity 

In 2014, pH in the upper Clark Fork River mainstem monitoring st ations ranged from 7.65 -

9.06 [Figure 2-9]. Tributary monitoring stations had a slightly greater pH range: 7.82 -9.48 

[Figure 2-10]. Two measurements each from Clark Fork River and Silver Bow Creek stations 

had pH values outside the optimal range for the protection of aquatic life (6.5 -9.0). These 

included the Clark Fork  River near Galen in Q3 (9.04), the Clark Fork River at Gemback Road 

in Q3 (9.06), and Silver Bow Creek at Warm Springs in each of Q2 -Falling and Q3 (9.38 and 

9.48, respectively). There was no readily apparent seasonal pattern in pH in 2014, although 

highest pH values tended to be measured in Q3. Spatially, the highest pH values tended to 

occur in the upstream sites including Silver Bow Creek and the Clark Fork River near Galen 

sites. Lime additions to Silver Bow Creek at the Warm Springs Pond inflow were l ikely a 

contributing cause of the higher pH levels in lower Silver Bow Creek and the upper Clark Fork 

River stations. The pH levels at several CFROU monitoring stations in 2014 were higher than 

any of the previous measurements observed from  2010-2013. These sites included Silver Bow 

Creek at Warm Springs, and the Clark Fork River near Galen, at Galen Road, at Gemback 

Road, and at Deer Lodge.  

 

Figure 2-9. Surface water pH at mainstem sampling sites in the Clar k Fork River 

Operable Unit, 201 4. 
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Figure 2-10. Surface water pH at tributary sampling sites in the Clark Fork River 

Operable Unit, 201 4. 

2.3.2.3 Conductivity 

The highest conductivities at most of the CFROU monitor ing sites occurred in Q 1 and Q4 

when streamflows were lowest. The lowest conductivities occurred du ring the Q2 monitoring 

events. Conductivity in the mainstem Clark Fork River tended to progressively increase from 

the headwaters station near Galen downstream to Gemback Road, then stabilize or decrease 

slightly at the Deer Lodge station. In the mainstem, conductivity was always lowest at Turah, 

downstream from the Rock Creek conf luence. Conductivity at CFROU stations in 2014 ranged 

from 103.6 -593.5 µS/cm [Figure 2-11]. Conductivity increased substantially between the Mill -

Willow Creek and Mill -Willow Bypass sites, particularly in Q1, Q3, and Q4 [Figure 2-12]. The 

lowest conductivity occurred in Mill -Willow Creek at the Frontage Road during the Q2 -Peak 

monit oring event. The highest conductivity occurred in the Mill -Willow Bypass in Q4. The 

conductivity range at CFROU monitoring stations in 2014 (103.6 -593.5) was slightly greater 

than in 2013 (111 -560 µS/cm), 2010 (176-466 µS/cm), 2011 (113-439 µS/cm), and 2012 (138-456 

µS/cm). 

6.00

7.00

8.00

9.00

p
H

 (
st

a
n

d
a

rd
 u

n
its

) 

Tributary Monitoring Station 

Q1

Q2 - Rising Limb

Q2 - Peak Flow

Q2 - Falling Limb

Q3

Q4



 

   19 

 

Figure 2-11. Conductivity  at mainstem  sampling sites in the Clark F ork River 

Operable Unit, 2014.  

 

 

Figure 2-12. Conductivity  at tributary  sampling sites in the Clark Fork River 

Operable Unit, 201 4. 
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2.3.2.4 Dissolved Oxygen 

Dissolved oxygen concentrations in the upper Clark Fork River in 2014 ranged from 8.29 -

15.23 mg/L. The lowest dissolved oxygen concentration was observed in the Little Blackfoot 

River near its mouth in Q2 -Falling and the maximum concentration was observed in the Clark 

Fork River near Galen in Q2 -Rising [Figure 2-13; Figure 2-14]. None of the 2014 dissolved 

oxygen measurements indicated water quality or water use limitations associated with 

inadequate oxygen concentrations. There were no clear spatial trends in dissolved oxygen 

concentration in 2014. The highest dissolved oxygen conc entrations at nearly all monitoring 

stations were observed during Q2 -Rising. The observed range of dissolved oxygen 

concentrations at Clark Fork River mainstem sites in 2014 (8.29 -15.23) was slightly higher than 

in 2010 (8.69 -15.03 mg/L) , 2011 (8.60-14.85 mg/L) , 2012 (8.49-14.05 mg/L), and  2013 (8.45-15.20 

mg/L).  

 

Figure 2-13. Dissolved oxygen concentrations at mainstem sampling sites in the Clark 

Fork River Operable Unit, 2014.  
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Figure 2-14. Dissolved oxygen concentrations at tributary  sampling sites in the Clark 

Fork River Operable Unit, 201 4. 

2.3.2.5 Turbidity 

Turbidity at all mainstem Clark Fork River sites were highest during the Q1 2014 

monitoring event and lowest in Q3. Turbidity usually increased in the Clark Fork River from 

near Galen to Deer Lodge, or Turah, depending on the monitoring event [Figure 2-15]. With the 

exception of the Q1 monitoring event, turbidity was generally low at mainstem monitoring sites 

during 2014 (range of 1.36 -10.70 NTU ) [Figure 2-15].  

Turbidity at the tributary monitoring sites was more variable and less predictable than at 

the mainstem Clark Fork River sites. Highest turbidity was observed during the Q2 -Peak or 

Q2-Falling monitoring events at thr ee of the six tributary sites in 2014. Two other tributary 

sites showed highest turbidity in Q1, and the sixth site (Mill -Willow Creeks at the Frontage 

Road) had highest turbidity in Q4 . The latter site also showed elevated suspended sediment and 

COC metal s concentrations (see Sections 2.3.3 and 2.3.6). Turbidity at the tributary monitoring 

stations ranged from a low of 0.94 NTU in the Little Blackfoot River in Q3 to a high of 15.60 

NTU in Mill -Willow Creek in Q4 [Figure 2-16].  

Non-spring runoff period turbidity measurements were similar in each of 2010 -2014, with 

several exceptions. In Q2 2011, turbidity during peak spring snowmelt runoff conditions was 

higher than du ring the same periods in 2010 -2014. Q1 2014 turbidity was higher at the Clark 

Fork River at Deer Lodge and Turah sites than during Q1 in each of years 2010 -2013. Lastly, 

turbidity in Mill -Willow Creek at the Frontage Road was higher in Q4 2014 than during any 

prior quarterly monitoring event in the 2012 -2014 periods. 
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